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This book represents the fruits of Professor Philip Baumeister's experience teaching a class entitled Optical Thin Film Technology over a period of twenty-five years. This class was offered as a short course by the UCLA Extension Program and was taught on the UCLA Campus in Los Angeles, California. The class ran over the period of one week and consisted often lectures.
This course was an extremely successful offering by UCLA and earned the distinction of being one of the longest running short courses in the UCLA Engineering Extension catalog. The goal of this class was to provide the students with both a depth of understanding and the breadth of knowledge to tackle important topics in the field of thin film technology. The extensive notes presented here captures the essence of these lectures and summarizes the various topics covered in this class. Professor Baumeister constantly updated these notes in order to reflect current topics and to cover key issues faced by those designing, producing and/or using optical thin film technology.
An element of the success of this short course was based on the limited training options available to scientists and engineers working in the field of optical thin film technology. Optical thin films are an enabling technology whose applications cross many boundaries and are continually finding new applications. The optical coating industry tends to be diffuse and only few companies possess the resources necessary to provide inhouse training. Courses such as this provide a valuable aid to those in the field. Professor Baumeister's design expertise and breadth of thin film knowledge was well established. His interests in thin films technology began in graduate school in 1955 at the University of California, Berkeley. He worked with Professor John Strong on the forefront of optical coating technology. Professor Baumeister was one of the pioneers in applying computer analysis and computer optimization techniques to the design and analysis of optical thin films.
While these notes were made available to the attendees of the short course, others became interested in obtaining additional copies. Prodded by the requests for these notes from those individuals not able to take the class, Professor Baumeister had entertained plans of self-publishing this volume. However, these plans were never realized. The struggle to find the right venue to publish these notes was complicated by Professor Baumeister's desire to continually update the notes and to keep these notes timely. These notes were last edited in the summer and fall of 2003.
The information in this book represents a resource that has no comparison. While the presentation is terse, the data presented can be extremely valuable to the practicing technologist. Information in this book is also widely backed up with citations to patents and the published literature. The book is largely organized around topics associated with functions of optical thin film performance. Chapter 1 provides an overview of the many applications and functionalities that optical thin films can provide when implemented in optical systems. Chapter 2 reviews the fundamentals of thin film analysis and presents various methods to calculate optical multilayer performance. Chapter 3 surveys thin film deposition methods, processes, and materials, while Chapter 4 provides a thorough understanding of the design of ARs for a wide variety of applications. Chapter 5 provides design approaches for multilayer reflectors, edge filters, and other periodic structures. Chapter 6 discusses designs and topics associated with beam dividers for both polarizing and non-polarizing applications. Chapter 7 covers the design and analysis of sophisticated dielectric bandpass filters, and Chapter 8 provides information associated with designing thin film performance using absorbing multilayers. Chapter 9 reviews concepts and the practical aspects of implementations associated with methods of producing thin films, and Chapter 10 collects and presents topics ranging from optimization of a coating design and phase relations in multilayer films to measurement and characterization of thin films. This is followed by the extensive list of references in Chapter 11, the summary of definitions and notations in Chapter 12 and the index in Chapter 13.
I use this book extensively in my daily routine as a practicing thin film engineer and hope that others will find it a valuable resource.
Ric Shimshock

Sunnyvale, California December 2003
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PREFACE
This book is intended to instruct a technologist in the design and fabrication of thin film coatings that function by means of optical interference. Two years or more of college level instruction in the physical sciences is a desirable prerequisite for the reader. The book is an outgrowth of a course that was taught at the UCLA Extension from 1978 to 1999.
What this book is not: (1) This book is not a survey of the literature. The exigencies of time have made it impossible to reference all previous publications on all subjects. The author apologizes to those deserving authors whose works are not mentioned. (2) This book is not a catalogue from which a reader may select coatings and procure them. In Chap. 1, reflectance and transmittance curves of coatings from various manufacturers merely show what that manufacturer produced at one time. That product may, or may not still be in production and if it is, its performance could easily be far superior to that shown in this book. In other instances the manufacturer that produced certain coatings no longer exists. Commercial vendors do not assume any product liability by virtue of the presentation of data from their sales literature.
What is the author's right to speak on this subject? He began his study of optical coatings at the University of California (Berkeley) Physics Department in 1955. Later he instructed graduate students in coating fabrication and design at the University of Rochester. He served as Chief Scientist at OCLI (Santa Rosa, California) for a half decade, where he supervised a group that developed new processes and automated coating chambers. He was employed as a production engineer in the coating department of Coherent, Inc. and as a Senior Project Engineer with Deposition Sciences, Inc., in Santa Rosa, California. He is now a consultant, dwelling in the bucolic rural solitude of Sebastopol, California.
The preparation of this lucubration spans several decades and its chief benefit to the author has been the mental discipline demanded to organize thoroughly and write tersely. The desideratum could be Nobel Laureate Chandrasekhar's statement: "I don't want to be trivial." (Quoted in The Christian Science Monitor, 2 December 1983).
The stylist conventions of the American Institute of Physics are used, as are SI units where possible, although a few non-SI "Torr" pressure units appear. Radiometric terminology is precise; intensity is flux/solid angle and irradiance is flux/unit area. A few unfamiliar terms such as dereflect and molecular intensity are defined before their use.
Conversations with Oded Arnon, Verne Costich, Jay Eastman, Douglas Harrison, Erik Krisl and Doug Smith have been useful in clarifying some of the concepts in this book. The author is grateful to Konstantin V. Popov, Barbara Russell and Lita Holleman for their work in making the mathematical text and written text more accurate. Some of the clever drawings of Chap. 3 bear the stamp of George Russell. In the editorial work involved in getting the book into its final form, the contributions of Ric Shimshock and my three daughters, Dr. Nancy Charlotte Baumeister, PhD, Ms. Lynn Karin Baumeister and Ms. Carol Lisa Baumeister, are gratefully acknowledged.
My twelve days of instruction in the class of Joseph Frederick Ware, C.S.B., laid the foundation for this book.
